Comparison of various indices of deterioration of refrigerated fish fillets showed that the direct bacterial count can be used to predict the storage life of the foodstuff. For direct counts, a thin film made from fillet surface material was spread on a microscope slide, stained, and read. Initial counts were found to correlate well with keeping quality; a period of freshness of 24 or 48 hr at 5 C could be reliably predicted. Preliminary data indicated that hypoxanthine estimation could probably also be used for the prediction of shelf life but that the relative complexity of the procedure detracted from its usefulness. In seeking a simpler and faster test we reasoned, as have many before us, that since bacteria are the main cause of fish muscle spoilage, the most logical approach would be to estimate bacterial numbers. A viable count was ruled out, because it requires from 24 to 48 hr and therefore would hardly be useful to predict the shelf life of fresh fish which already may have expired when the test results become known. The alternative was the direct microscopic count. Although it is usually frowned on for well-known reasons, Tarr (10) used it to assess the bacteriological quality of fish fillets and concluded that the method had merit but was not sensitive enough when bacterial levels were below 105 cells per g. In the present paper, we report on the successful use of the direct count to measure freshness of rock cod and sole fillets and compare this method with hypoxanthine estimation.
Several methods are now used to measure spoilage in fish flesh, but until recently none were available for the estimation of shelf life or keeping quality. The flesh of fish, once caught, remains apparently fresh until the onset of the usual signs of spoilage, primarily the development of unpleasant and offensive odors; by means of various chemical procedures, the extent of spoilage can readily be measured. Such tests are useful in assessing, for example, the effectiveness of a preservative treatment but are relatively useless in estimating the quality of fresh fish. Throughout the "fresh" period between catching and the onset of detectable spoilage, fish muscle seems uniformly fresh, judging from appearance, odor, and chemical spoilage tests. But the few initial contaminating bacteria multiply rapidly during this time without producing detectable concentrations of spoilage products. The result is that toward the end of the period of freshness the bacterial population approaches a level at which spoilage products can be smelled or detected chemically by means The ability to assess the stage of freshness of any given lot of fillets, in short, to be able to estimate how much storage life remains, is important in many aspects of the unfrozen fish industry, and several attempts have been made to achieve this end. Thus, Shewan and Liston (8) used the ability of bacteria to reduce tetrazolium salts to measure the freshness of iced fish. More recently, Spinelli et al. (9) Hypoxanthine determinations were made according to Dugal (4) . Ultraviolet absorption was measured with a Bausch & Lomb 505 recording spectrophotometer. Only a plateau or a maximum at around 290 nm was considered as definitely indicating the presence of uric acid, which was derived from the hypoxanthine in the sample. All tests were duplicated, and hypoxanthine values were read from a calibration chart made by using standard hypoxanthine solutions.
To find the relationship between the two freshness tests and shelf life, fillets stored at either 5 or 10 C were periodically examined for signs of spoilage. We estimated organoleptically the quality of the fish, and from the fillet halves not used in the freshness tests we aseptically prepared a press juice, which was used as sample material for the objective tests of spoilage.
To obtain the viable counts, we surface-plated various dilutions of the juice on Penassay Agar (Difco) and incubated them at 20 C for 48 hr.
VRS were determined by the method of Farber and Ferro (5) , as modified by Farber and Lerke (6) , and were expressed as microequivalents of reduction per 5 ml of press juice.
Trimethylamine nitrogen (TMN) was estimated Conway (2) and expressed as milligrams of nitrogen per 100 ml of press juice.
RESULTS
Direct count as a freshness test. Figure 1 shows the results of a representative experiment and contrasts the growth of the bacterial population with the chemical indices of spoilage of fresh fillets of English sole stored at 5 C. During the interval between points A and B (about 95 hr), no spoilage products were detected by the chemical methods used. This observation supported our organoleptic judgment that the fish was fresh (perfectly acceptable). This interval is the period of freshness previously referred to. Obviously, freshness was being exhausted as point B was approached, for within a few hours beyond B all indices of spoilage turned sharply upward. Organoleptically the fish then became borderline or unacceptable. However, all through the period of freshness, while the spoilage indices remained low, the bacterial population was rapidly increasing, with the viable count roughly paralleling the direct count.
The relationship between the bacterial level, as 7.OF In most instances, the fish received was to all outward appearances fresh, and decisions to accept or reject it were made strictly on the basis of the data in Table 2 . In almost all cases, our estimates were correct: when a 48-hr shelf life was predicted, the fish always remained fresh that long, but when the fish was rejected because of a high count, in about 4% of the cases it was still acceptable at the end of the storage period.
Hypoxanthine determination as a freshness test.
Most of the work on the direct count was necessitated by the need for a quick and simple method of freshness estimation; other, lengthier methods were consequently not investigated. More recently, however, because of the widespread interest in hypoxanthine determination as a freshness test, its usefulness was compared to that of the direct count in a series of experiments similar to those reported in Fig. 1 . An additional purpose was to once more verify previously obtained data. Typical results, shown in Fig. 2 and 3 , indeed confirm those obtained in the previous experiments and also indicate that the hypoxanthine curve is similar to that of the direct count inasmuch as the greatest increase takes place early in the period of freshness, thereby making possible the prediction of shelf life. For example, it appears from the data in Fig. 2 (Table 2) . Moreover, the experimental data obtained for hypoxanthine were not verified in numerous practical applications as in the case of the direct count. Thus, further work is needed to definitely correlate hypoxanthine concentration and shelf life.
DISCUSSION
The direct bacterial count appears to be a good indicator of freshness: it increases markedly during the period of freshness, whereas the chemical indices of spoilage do not. This demonstrates the uselessness of the latter for the prediction of shelf life. From Fig. 1 it is apparent that the viable count, too, would be of limited use for that purpose because by the time its results became known the period of freshness would be to a great degree expended. Furthermore, unlike the direct count, the viable count sometimes lags and may even show an initial drop ( Fig. 2 and 3) . The direct APPL. MICROBIOL. count, however, gives almost immediate results, permitting the user to take full advantage of its ability to predict the amount of storage life remaining. The drawback of having to rely on very small numbers remains, but sensitivity is increased through the use of surface slime as the sampling material; this prevents the dilution that takes place in the preparation of muscle homogenates (10) .
The random errors associated with the direct count have been estimated (Table 1) . Within each confidence interval, however, there remains a large percentage variation around the mean. In spite of this, the method appears to work well, as we have shown experimentally as well as in practical applications. This may be explained by the observation (Fig. 1 through 3) that, during the time the chemical indices of spoilage remain unchanged, the increase in the direct count is 3 or 4 log units. Against this kind of change the possible variation within the confidence interval is of little significance. Furthermore, although the distinction between an initial count of, say, 0.1 ( Figure 2 shows that the bacterial population increases during storage and, having reached a rather high level, apparently causes the appearance of detectable amounts of spoilage products. The data do not, of course, prove cause and effect; however, we know that sterile fish muscle or juice therefrom, inoculated with a mixture of bacteria from fish (fresh or spoiled), will spoil, whereas its noninoculated counterpart will remain fresh (7) .
On the other hand, we have shown elsewhere that not all bacteria present on fish are able to spoil it (at least, not in the sharp, offensive way that fish spoils after being stored for 3 to 4 days at around 5 C) and that active spoilers make up a rather small percentage of the total population (1) We have shown that the appearance of hypoxanthine in refrigerated fillets follows a course similar to that of the direct count, thus confirming the suggestion (9) that the concentration of hypoxanthine in fish flesh can be used to predict shelf life. Insufficient data were presented here to form a basis for such a use of the hypoxanthine test; in addition, it is not clear that further work is justified with regard to the application discussed in this report, since the ease and rapidity of the direct count, as contrasted with the sophisticated biochemical techniques and equipment as well as the time required for hypoxanthine determination, place the latter at a considerable disadvantage. The two methods have somewhat different ranges of applicability, and hypoxanthine might, for example, be an excellent way to assess the quality of frozen fish where the direct count is of little use. On the other hand, it has been shown (3) that nucleotide degradation occurs at different rates in different fish and that in salmon, for example, the final level of hypoxanthine is very low. In this instance, the direct count might prove to be the better method of predicting freshness.
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